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Description 

This invention pertains to organosiloxane/oxyalkylene copolymers. More particularly, this invention 
pertains to polyorganosiloxanes containing pendant oxyalkylene units that are terminated with an acrylate 

5 group. The copolymers are curable by ultraviolet or electron beam radiation and are particularly useful as 
electrolytes in conjunction with solubilized, ionizable lithium salts. 

Organosiloxane/oxyalkylene copolymers containing divalent siloxane units are known in the art. U.S. 
patent 3 560 544 discloses siloxane/oxyethylene copolymers wherein the sequence of oxyethylene units is 
bonded to silicon through an alkylene group. The copolymer is terminated by groups of the formula -OC(O)- 

70 RtCfOJOAk, where A represents an amine group, an alkali metal or an alkaline earth metal, R represents a 
divalent or trivalent hydrocarbon radical containing from 2 to 6 carbon atoms and x is 1 or 2. Also U.S. 
patent 3 957 843 discloses siloxane/oxyalkylene copolymers wherein A of the foregoing formula is 
hydrogen, a monovalent hydrocarbon radical free of ethylenic unsaturation, -OCNHR', -OCNH2, -OCR' or 
-OCOR', wherein R' represents a monovalent hydrocarbon radical which is free of aliphatic unsaturation. 

75 Moreover, U.S. patent 3 703 489 describes silane/oxyalkylene block copolymers wherein from 15 to 60 
weight percent of the oxyalkylene units are oxyethylene and the remainder are oxypropylene. The 
sequences of oxyalkylene units are terminated with an alkoxy group containing from 1 to 10 carbon atoms. 
The organosiloxane/oxyalkylene copolymers of the prior art which are used as surfactants exclude 
specifically the presence of ethylenically unsaturated carbon-to-carbon bonds, usually to avoid undesired 

20 side reactions during preparation of these copolymers. 

Moreover, it was known to use liquid polydiorganosiloxanes containing pendant polyoxyalkylene units as 
electrolytes in solid state batteries containing ionizable lithium compounds. For example Hall et al., Polymer 
Communications, 27 (4) 98-100 (1986) disclose copolymers which could be crosslinked by heating. It has 
been found that the conductivity is inversely proportional to the degree of crosslinking. Moreover, an article 

25 by Bouridah et al., Solid State Ionics, 15 (1985), 233-240, describes electrolytes prepared by adding lithium 
perchlorate to a dimethylsiloxane/grafted ethylene oxide copolymer. The electrolyte is cured by reacting it 
with an isocyanate. The problem with this method for crosslinking the polymer is that urethane groups 
formed during the crosslinking reaction contain nitrogen-bonded active hydrogen atoms that can interfere 
with the electrochemical reactions occurring in batteries. 

30 The present inventors have found that organosiloxane/oxyethylene copolymers of the prior art contain- 
ing solubilized lithium salts are often difficult to cure using organic peroxides or a hydrosilation reaction 
between silicon-bonded hydrogen atoms and lower alkenyl radicals such as vinyl. One aspect of the present 
invention resides in a class of organosiloxane/oxyethylene copolymers that do not have this disadvantage. 
An objective of this invention is to provide liquid organosiloxane/oxyalkylene copolymers that cure in the 

35 presence of solubilized lithium salts to yield solid materials. These copolymers are particularly useful as 
electrolytes in solid state batteries. The copolymers can be cured by heating in the presence of organic 
peroxides or by exposing them to ultraviolet radiation. 

One aspect of the present invention relates to liquid, curable compositions comprising a copolymer 
having the general formula 

40 

(I) R 1 3 SiO(R 2 2 SiO) x (R 3 R 4 SiO) y (R 3 R 5 SiO) 2 SiR 1 3 , 

where R\ R 2 and R 3 represent linear or branched C1-C10 alkyl groups, C1-C10 haloalkyl groups or phenyl 
groups, C 3 -Cio-cycloalkyl groups and tolyl groups, R* represents -R 6 0(CH2CH 2 0) m A, R 5 represents R 7 0- 

45 (CH 2 CH2 0) n C(0)CR 8 =CH2, R 6 and R 7 represent identical or different alkylene radicals containing from 2 to 
12 carbon atoms, R 8 represents methyl or hydrogen, A represents an alkyl, aryl or acyl radical, the values 
represented by m and n are from 4 to 30, the value represented by x is from 0 to 100, the value 
represented by y is from 0 to 200, the value represented by z is at least 2 and the value of x + y + z is at 
least 10 to 50 and the ratio of the molecular weight of the polymer and the average number of moles of R 5 

50 units per molecule is equal to or greater than 1000. 

A second aspect of this invention provides improved electrolyte materials for solid state batteries, where 
said electrolyte comprises a cured organosiloxane/ethylene oxide copolymer and a solubilized, ionizable 
lithium salt. The improvement comprises 1) the presence as said copolymer of a liquid copolymer exhibiting 
the general formula 

55 

(I) R 1 3 SiO(R 2 2 SiO) x (R 3 R*SiO) y (R 3 R 5 SiO) 2 SiR^, 

where R 1 - R 5 , x, y and z are as defined in the preceding specification and 2) a molar ratio of CH 2 CH 2 0 



EP 0-372 584 B1 



units to lithium salt of from 7 to 30. 

The copolymers of this invention can be prepared using prior art methods for preparing diorganosilox- 
ane/graftethylene oxide copolymers. Typically a diorganosiloxane/organohydrogensiloxane copolymer cor- 
responding to the formula 

5 

(II) R 1 3 SiO(R 2 2 SiO) x (R 3 HSiO) y+2 SiR 1 3 

is reacted with at least one of two classes of liquid polyethylene oxides (also referred to herein as 
polyethylene glycols) containing one ethylenically unsaturated terminal group. The first class is terminated 
70 on one end with a triorganosiloxy group and corresponds to the formula 

(III) R 7 "0(CH 2 CH 2 0)nSiR 9 3 

The second class of polyethylene oxides is optional and corresponds to the formula 

75 

(IV) R 6 *0(CH 2 CH 2 0) m A. 

R 6 * and R 7 * represent terminally unsaturated alkenyl radicals containing the same number and 
configuration of carbon atoms as the R 6 and R 7 groups, respectively and R 9 represents a monovalent 
20 hydrocarbon or substituted monovalent hydrocarbon radical selected from the same group as R 1 . R 9 is 
most preferably methyl. 

Following reaction with the copolymer of formula II the triorganosiloxy terminal groups of the polyethyl- 
ene oxide units represented by formula III are converted to hydroxyl groups by reacting the copolymer with 
an excess of an alcohol such as methanol. These hydroxyl groups are then reacted with an organometallic 
25 compound such as an organolithium compound followed by reaction with acryloyl chloride or methacryloyl 
chloride to form the corresponding acrylic or methacrylic acid ester. 

As a rule,the total number of moles of polyethylene oxides corresponding to formulae III and IV is 
approximately equal to the number of moles of silicon bonded hydrogen atoms present in the reaction 
mixture. 

30 The reaction between the aforementioned organohydrogen siloxane homopolymer or copolymer and the 
polyethylene oxide(s) is conducted in the presence of a platinum-containing catalyst of the type typically 
used for hydrosilation reactions. Halogen-containing platinum compounds such as hexachloroplatinic acid 
and complexes of these compounds with ethylenically unsaturated organosilicon compounds are preferred 
catalysts. 

35 Because the polyorganosiloxane and the polyethylene oxides represented by formulae III and IV are 
incompatible it is usually desirable to include in the reaction mixture an organic liquid that is a solvent for all 
reactants and the final copolymer. Preferred solvents include but are not limited to liquid hydrocarbons such 
toluene and cyclic ethers such as tetrahydrofuran. To facilitate isolation of the final copolymer, the solvent 
should be capable of being evaporated from the reaction mixture under reduced pressure at temperatures 

40 from about 20 to 30 0 C. 

It is desirable to add small amounts of an anti-oxidant such as hydroquinone to the resultant reaction 
mixture to prevent premature curing of the copolymer by polymerization of the acrylate or methacrylate 
groups. 

Specific reaction conditions for the preparation of preferred copolymers of this invention are described 
45 in the accompanying examples. 

The radicals and numerical values represented by R\ R 2 , R 3 , R 6 *, R 7 *, R 8 , R 9 , A, m, n, x, y and z in 
formulae II, III and IV are defined in the preceding specification. The terminal group of the optional 
polyethylene oxide corresponding to the foregoing formula IV is represented by A, where A is defined as an 
alkyl or aryl radical or an acyl group represented by R 10 C(O)-, where R 10 is an alkyl radical that preferably 
50 contains no more than 4 carbon atoms. Most preferably, R 10 represents a methyl or ethyl radical. 

In preferred embodiments of the present copolymers, R 6 * and R 7 " are ethylene or propylene and A is 
preferably an alkyl radical or an acyl group and contains from 1 to 4 carbon atoms. 

The silicon-bonded hydrocarbon and substituted hydrocarbon radicals represented by R\ R 2 and R 3 
preferably contain from one up to about 10 carbon atoms that can be arranged in linear or branched 
55 configurations. The radicals preferably are lower alkyl, lower haloalkyl or phenyl, this preference being 
based on the availability of the starting materials used to prepare the aforementioned diorganosilox- 
ane/organohydrogen siloxane copolymer. Preferred radicals include but are not limited to alkyl radicals such 
as methyl, ethyl and propyl, haloalkyl radicals such as 3,3,3-trifluoropropyl, cycloalkyl radicals such as 



* 
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cyclohexyl, aryl radicals such as phenyl and alkaryt radicals such as tolyl. 

When the copolymers of this invention are used as electrolytes for solid state batteries in combination 
with a solubilized lithium salt the radicals represented by R\ R 2 and R 3 are preferably methyl. 

The values of m, n, x, y and z in the formula for the present copolymers determine the viscosity of the 
5 copolymer and the crosslink density of the cured material. The value of x, representing the number of 
diorganosiloxane units present in the copolymer, can be from 0 up to 100, the value of y can be from 0 to 
100, the value for z is at least 2 and the sum of x, y and z is at least 10. When this sum is less than 10 and 
the value of z is less than 2 the copolymer cannot be cured to form a solid material. 

Preferably, the values represented by x, y and z are from 0 to 35 for x, from 0 to 20 for y, from 4 to 12 
70 for z and the sum of x, y and z is from 10 to 50. Copolymers of this type exhibit a viscosity of less than 1 
Pa^s at 25 fl C. 

The polyethylene oxides represented by formulae III and IV each contain an average of from about 4 to 

about 20 repeating units per molecule, which represents the values assigned to m and n in the preceding 

formulae. This value is preferably between 4 and 12. 
75 The electrical conductivity of the present copolymers is determined, at least in part, by the crosslink 

density of the copolymer. Cross link density can be expressed in terms of the molecular weight of that 

portion of the copolymer molecule separating the ethylenically unsaturated terminal groups of adjacent 

polyethylene oxide chains represented by R 5 in the foregoing formula. 

For the present copolymers the theoretical value for the molecular weight between crosslinks, referred 
20 to hereinafter as MW C , is calculated by dividing the molecular weight of the copolymer by the average 

number of moles of R 5 units per molecule. 

MW C values can be determined experimentally by measuring the carbinol group content of a copolymer 

wherein the C(0)CR 8 =CH 2 group of the terminal group represented by R 5 is replaced by the hydroxyl 

group of the intermediate that is reacted with acryloyl- or methacryloyl chloride to obtain the R 5 group. 
25 Experimental data demonstrates that for preferred copolymers useful conductivity values, typically 

greater than about 10~ 5 (ohm cm.) ~\ cannot be achieved at MW C values below about 1000. The 

conductivity reaches a maximum at an MW C value of about 1500 and remains at this maximum up to at 

least an MW C value of 10,000. 

Copolymers with an MW C value of above about 3000 may not contain sufficient acrylate or methacrylate 
30 terminated polyethylene oxide units to provide the crosslink density needed to form a solid cured material. 

In these instances, an external crosslinking or curing agent such as a difunctional or trifunctional ester of 

acrylic or methacrylic acid must be used. 

Examples of suitable external curing agents include but are not limited to ethylene glycol 

dimethacrylate and trimethylolpropane trimethacrylate. 
35 The amount of lithium salt that can be dissolved in the copolymer is directly related to the total number 

of ethylene oxide units present in a given weight of copolymer, i.e. the values of m, n, y and z. 

Solubilization of one mole of the lithium salt requires from 7 to 30 moles of ethylene oxide (-CH2CH2O-) 

units in the copolymer. Above a ratio of 30 moles of ethylene oxide units per mole of salt the conductivity of 

the copolymer decreases below a useful value. 
40 The presence of the acryloxy or methacryloxy group allows curing of the copolymer to be initiated 

either by free radicals generated by the decomposition of organic peroxides or by irradiation with ultraviolet 

light or an electron beam. The use of curing reactions involving active hydrogen atoms can interfere with 

electrochemical reactions. 

A preferred method for curing mixtures of the diorganosiloxane/graft-polyethylene oxide copolymers of 
45 this invention and a solubilized lithium salt is by exposing films or coatings formed from these mixtures to 
ultraviolet radiation in the presence of a photoinitiator. Suitable photoinitiators include but are not limited to 
aromatic ketones such as benzophenone, alkoxy substituted acetophenones such as diethoxyacetophenone 
and dimethoxyphenylacetophenone, benzil and cationic initiators such as triaryl sulfonium, diazonium and 
phosphonium salts. 

50 The exposure time and wavelength of the radiation required to cure the copolymer is dependent upon 
the type and concentration of photoinitiator, the thickness of the layer to be cured and the intensity of the 
ultraviolet radiation at the surface of the copolymer. Coatings and self-supporting films measuring up to 
about 2 mm. in thickness and formed from preferred lithium-containing copolymers of this invention are 
completely cured following exposures of one second or less to ultraviolet radiation. The films and coatings 

55 are cured by passing them under an ultraviolet lamp at speeds of from 15,2m/min to 30,5m/min (50 to 100 
feet per minute). The radiation dosage at the surface of the film or coating is preferably equivalent to from 
50 to 200 millijoules per cm 2 . 



A 
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The present copolymers containing solubilized lithium salts can also be cured by irradiating them with 
an electron beam or by heating in the presence of an organic peroxide or an azo compound. Suitable 
peroxides include benzoyl peroxide, bis(2,4-dichlorobenzoyl) peroxide and dicumyl peroxide. Suitable azo 
compounds include azo bis-isobutyronitrile. It will be understood that the temperature used to cure the 
copolymer must be above the decomposition temperature of the organic peroxide or azo compound. The 
peroxides are typically used at a concentration of from 0.2 to 2 weight percent, based on the weight of the 
copolymer. 

As disclosed hereinabove the present copolymers are particularly useful as electrolytes for solid state 
batteries. In this application, from 0.033 to 0.14 mole of an ionizable lithium salt per mole of ethylene oxide 
(-CH2CH2O-) units in the copolymer is dissolved in the copolymer prior to curing. This concentration of salt 
is typically sufficient to achieve conductivity values of from 1x1 0~ 6 to 3x1 0' 5 for the cured copolymer/salt 
composite. 

Data in the accompanying examples demonstrate that a major factor affecting conductivity is the 
composition of the copolymer, particularly the crosslink density of the copolymer and the total concentration 
of ethylene oxide units. The composition of the copolymer will determine the molecular weight between 
crosslinks, referred to hereinbefore as MW C . 

It has been found that the concentration of lithium salt has some effect on the conductivity of a 
particular copolymer. Data in the accompanying examples demonstrate that for a particular copolymer the 
conductivity increases by a factor of about 2 in conductivity as the ratio of the number of moles of lithium 
salt to ethylene oxide units is increased from 0.05 to 0.08. 

To facilitate solubilization of the salt it is preferably added to the copolymer as a solution in a non- 
aqueous liquid medium such as tetrahydrofuran. 

Suitable lithium compounds include salts of acids having pK a values lower than about 3 and which are 
soluble in the present organosiloxane/ethylene oxide copolymers, Examples of suitable salts include but are 
not limited to organosulfonic acids, phosphoric acid and perchloric acid. 

An advantage of the present copolymers is that curing of the copolymer is not inhibited to any 
significant extent by the presence of the ionizable lithium salt. 

The following examples describe the preparation of preferred copolymers of this invention and their use 
in combination with solubilized, ionizable lithium salts as electrolytes in solid state batteries. Unless 
otherwise indicated all parts and percentages are by weight and viscosities were measured at 25 • C. The 
term polyethylene glycol used in the examples is synonymous with the term "polyethylene oxide" 
described in the preceding specification. 

Example 1 
35 

Preparation of Me 3 SiO(MeXSiO) 3 8(MeYSiO)i2SiMe3; Me is methyl, X is CH 2 CH 2 CH 2 (OCH2CH2)i2 0(0)- 
CCH 3 and Y is CH2CH 2 CH2(OCH 2 CH2)i2 0(0)CCH = CH2. 

This example describes the preparation of a preferred copolymer of this invention. The terms 
"polyethylene glycol" and "polyethylene oxide" are used interchangeably. 

40 A glass reactor equipped with a stirrer, water-cooled condenser and a nitrogen inlet was charged with 
56.1 parts of a trimethylsiloxy-terminated polymethylhydrogensiloxane containing about 1.6 weight percent 
of silicon-bonded hydrogen, 580 parts of the allyl ether of a polyethylene glycol monoacetate exhibiting a 
degree of polymerization of 12, 42 parts of the trimethylsiloxy-terminated monoallyl ether of a polyethylene 
glycol exhibiting a degree of polymerization of 12 and 261 parts of dry toluene. The trimethylsiloxy- 

45 terminated polyethylene glycol was prepared by reacting the corresponding monoallyl ether with 1.5 moles 
of hexamethyldisilazane per mole of carbinol groups. The mixture was heated to a temperature just below 
the boiling point of the solvent. 

The addition of 0.5 part of a 10 weight percent hexachloroplatinic acid solution in isopropanol to the 
solubilized mixture of the two polyethylene glycols and the organohydrogensiloxane resulted in an 

50 exothermic reaction that generated sufficient heat to raise the temperature of reaction mixture to the boiling 
point for several minutes. Following this period the reaction mixture was then heated to maintain it at the 
boiling point for two hours. The reaction mixture was then cooled to about 60 0 C. , at which time 80 parts of 
methanol were added and heating was continued for an additional two hours. A portion of contents of the 
reactor were then distilled under ambient pressure until the temperature of the liquid in the reactor reached 

55 140°C. The distillate was discarded. Any residual solvent or methanol was removed by heating the reaction 
mixture under a pressure of 0,665 kPa (5 torr) until the temperature of the liquid reached 150°C. 

A turbid liquid exhibiting a hydroxyl number of 7221.1 was obtained in 93 percent yield. 100 grams of 
this liquid and 25 cm 3 tetrahydrofuran were charged into a glass reactor equipped with a stirrer, water 
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cooled condenser and a nitrogen inlet. 14.4 cc of a 1.6 M solution of n-butyl lithium in hexane was then 
added to the reaction mixture through a syringe. A small amount of solid formed and the viscosity of the 
reaction mixture increased following the addition. 75 cc of tetrahydrofuran were then added, followed by 
2.93 cc of acryloyl chloride by means of a syringe. After stirring at room temperature for 15 minutes 0.05 g 

5 of hydroquinone was added to stabilize the reaction product, following which the reaction mixture was 
concentrated under reduced pressure using a water bath at a temperature of 40-50 ° C. to prevent freezing 
of the resultant copolymer of this invention. 

A ten gram sample of the copolymer was blended with 5.42 g. of a 33.2 weight percent solution of 
lithium trifluoromethylsulfonate in tetrahydrofuran, equivalent to a polyethylene glycol/lithium molar ratio of 

70 18. This mixture was then blended with 0.1 g of azo-bis-isobutyronitrile as a free radical initiator and molded 
for 30 minutes at a temperature of 85-90 °C. to yield a 1 mm-thick film of cured, bubble-free conductive 
elastomer. 

The electrical conductance of the molded film was measured in an enclosed shielded chamber under a 
nitrogen atmosphere at ambient temperature. The measuring apparatus consisted of a lower square 

75 stainless steel electrode having an edge dimension of 2.5 cm and an upper electrode in the form of a 
vertically oriented stainless steel rod having a circular cross-section measuring 0.315 cm 2 in area. The 
sample was placed between the two electrodes and in contact with the surface of each electrode. 

The equipment used to measure the conductivity of the sample consisted of a Wavetek model 186 
frequency generator set to provide an output of 1 volt e if at frequencies of from 1 Hz to 100 kHz., a data 

20 acquisition and control box (model 3497A manufactured by Hewlett Packard Corporation), an IIEE 488 bus 
that connected the data acquisition/control box to a Hewlett Packard model 9920 series 200 computer and a 
model SR510 lock-in amplifier manufactured by Sanford Research Systems. The output of the frequency 
generator was connected to the lower electrode. The upper electrode was connected to the lock-in amplifier 
through a 1 ohm resistor. The lock-in amplifier also sampled the output of the frequency generator. 

25 Considering the two electrodes as plates of a capacitor and the test sample as the dielectric, the 
conductivity of the sample was determined by applying the output of the frequency generator to the lower 
electrode. The current through the 1 ohm resistor and the phase angle between the voltage and the current 
were determined using the lock-in amplifier. This procedure was repeated at a number of different 
frequencies between 1 Hz and 100 kHz to provide a plot of the real component of the total impedance as 

30 the abscissa and the imaginary component as the ordinate as a function of frequency. Extending the plot to 
the point at which it intersected the abscissa at the point furthest from the ordinate yielded the purely 
resistive component (R) of the impedance. The resistivity (p) was then calculated from the geometry of the 
upper electrode using the formula p = RA/d, where A is the area of the upper electrode (0.315 cm 2 ) and d 
is the thickness of the sample, 0.1 cm. The conductivity of a sample is the reciprocal of its resistivity. 

35 The conductivity value for this sample was 1.6x10~ 5 (ohm-cm.)~ 1 . 

Example 2 

This example demonstrates the effect of the molecular weight between crosslinks, referred to herein- 
40 before as MW C , on the conductivity of various dimethylsiloxane/ethylene oxide copolymers. Ten copolymers 
of this invention were prepared and cured using the procedure described in Example 1. An additional 3 
controls having MW C values below the scope of the present invention were prepared for purposes of 
comparison. 

The trimethylsiloxy-terminated methylhydrogensiloxane homopolymer and dimethylsilox- 
45 ane/methylhydrogen-siloxane copolymers used as intermediates were prepared using known methods and 
are represented by the average formula Me3SiO(Me 2 SiO) x (MeHSiO) y+2 Silv1e3. 

The two types of allyl ether-terminated polyethylene oxides are represented by the general formulae 
CH 2 =CHCH 2 0(CH 2 CH 2 0) m SiMe3 and CH 2 = CHCH 2 0(CH 2 CH 2 0) m C(0)CH3. The trimethylsiloxy-terminated 
polymer was used alone or in combination with a polyethylene oxide containing the same number of 
50 repeating units and an acetoxy terminal group. The molar ratio of the acetoxy-terminated polyethylene oxide 
to the trimethylsiloxy-terminated polyethylene oxide is represented by y/z in the following listing of 
reactants. The trimethylsiloxy group was converted to the acryloxy group using the procedure described in 
Example 1. 

The siloxane polymers and the allyl ether-terminated polyethylene oxides used to prepare the samples 
55 evaluated in this example are identified as listed in Tables 1 and 2, the terms x, y and z referring to the 
foregoing formulae. 

The conductivity values for the ten samples of this invention and 3 controls, together with the molecular 
weight between crosslink sites (MW C ) are listed in Table 3. 
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Table 1 



ORGANOHYDROGENSILOXANES 


Reactant Designation 


x 


v + z 


A 
r\ 


oo.o 


ID./ 


B 


0 


50 


C 


7.7 


3.3 


D 


0 


10 


E 


5 


5 


F 


0 


30 


G 


25 


25 


H 


20 


10 


I 


15 


15 



Table 2 



POLYETHYLENE OXIDES 


Reactant Designation 


m 


K 


4 


L 


8 


M 


12 



Table 3 



Copolymer Composition 


No. 


Siloxane 


Polyethylene Oxide(s) 


y/z 


Type 


Grams 


Type 


-OSiMe 3 (g) 


-OC(0)CH 3 (g) 


1 


A 


100 


L 


45 


207 


0.44/0.10 


2 


B 


100 


L 


56.8 


449.6 


1.88/0.12 


3 


C 


100 


L 


198 


0 


0/0.42 


4 


D 


25 


L 


61.5 


144 


0.30/0.13 


5 


E 


100 


M 


66.7 


431.6 


0.72/0.10 


6 


K 


100 


M 


303 


178.2 


0.30/0.45 


7 


H 


100 


M 


107.5 


221 


0.37/0.16 


8 


F 


50 


M 


62.6 


497 


0.83/0.09 


9 


I 


20 


K 


12.1 . 


114 


0.33/0.03 


10 


J 


100 


M 


77 


307.9 


0.65/0.16 


1C* 


E 


31 .2 


K 


11.2 


77.8 


0.22/0.03 


2C* 


E 


32.9 


K 


53.7 


33.8 


0.1/0.15 


3C* 


H 


42 


K 


24.3 


53.7 


0.15/0.07 



* = Control Example 
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Table 4 



No. 


MW C 


Conductivity xlO 5 (ohm cm)" 1 


1 


3400 


1.5 


2 


4500 


1.3 


3 


1090 


0.72 


4 


1040 


0.32 


5 


6020 


2.1 


6 


1290 


0.42 


7 


2920 


3.2 


8 


4760 


2.3 


9 


1230 


4.0 


10 


1670 


2.4 


1C 


930 


0.092 


2C 


540 


0.0092 


3C 


940 


0.003 



20 



Example 3 



25 



30 



This example demonstrates the ability of the present copolymers to cure by exposure to ultra-violet 
radiation. A ten gram portion of the copolymer of this invention described in Example 1 was blended with 
5.4 g. of a 33.3 weight percent solution of lithium trifluoromethanesulfonate in tetrahydrofuran. The 
tetrahydrofuran was removed under reduced pressure and 0.2 g. of 2-hydroxy-2-methyl-1-phenylpropan-1- 
one was added. The resultant liquid was coated as an approximately 0.1 mm-thick layer on an aluminum 
panel. The coated panel was then exposed to an amount of radiation from a medium pressure ultraviolet 
lamp equivalent to 36.5 millijoules/cm 2 . The panel was passed twice under the lamp on a belt traveling at a 
speed of (55 feet) 16.8 meters per minute. The belt was located 15 cm. below the lamp. The resultant cured 
coating was non-tacky and elastomeric. 



Example 4 



35 



40 



This example demonstrates the effect of the molar ratio of lithium salt to ethylene oxide units on the 
conductivity of the cured elastomer. Four samples were prepared using the copolymer described in 
Example 1 and various amounts of lithium trifluoromethanesulfonate as a 33 percent solution in 
tetrahydrofuran. The amounts of lithium salt added were equivalent to a molar ratio of ethylene oxide (EO) 
to lithium salt (Li) of 12, 15, 18 and 21. Samples of each of these copolymers were prepared for 
conductivity measurements as described in the preceding Example 2. Conductivity measurements were 
conducted on these samples as described in Example 2 with the following results. 



45 



50 



EO/Li 


Conductivity 




[x10"" 5 (ohm cm) -1 ] 


12 


1 


15 


1.4 


18 


1.6 


21 


1.8 



Example 5 



This example demonstrates that compositions of this invention can be cured using an electron beam. A 
55 curable, electroconductive composition was prepared using the ingredients specified for Sample 6 in Table 
3 of Example 2. Test samples were prepared as described in Example 1 , with the exception that the azo- 
bis-isobutyronitrile was not added and the sample was cured by exposing it to an electron beam produced 
by a Model EB-150 generator manufactured by Energy Sciences. The total dosage was between 0,03 and 
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0. 04 Megajoule/kg (3 and 4 megarads). 
Claims 

5 1. A liquid, curable copolymer having the general formula R^SiOfR^SiOk (R 3 R 4 SiO) y (R 3 R 5 SiO) 2 SiR 1 3 , 
where R\ R 2 and R 3 represent linear or branched C1-C10 alkyl groups, Ci-Cio-haloalkyl groups or 
phenylgroups, C3-io-cycloalkyl groups and tolyl groups, R 4 represents -R 6 0(CH 2 CH 2 0) m A, R 5 repre- 
sents -R 7 0(CH 2 CH 2 0) n C(0)CR 8 =CH 2 , R 6 and R 7 represent identical or different alkylene radicals 
containing from 2 to 12 carbon atoms, R 8 represents methyl or hydrogen, A represents an alkyl, aryl or 

70 acyl radical, the values represented by m and n are from 4 to 30, the value represented by x is from 0 
to 100, the value represented by y is from 0 to 200, the value represented by z is at least 2, the value 
of * + 1 + 2 is at least 10 to 50 and the ratio of the molecular weight of the copolymer and the 
average number of moles of R 5 units per molecule is equal to or greater than 1000. 

75 2. A solid, electroconductive organosiloxane copolymer comprising the product obtained by curing a liquid 
composition by UV, electron beam or heating organic peroxides or an azo compound comprising 

A. an organosiloxane copolymer according to claim 1 and 

B. an amount of one mole of lithium salts of organo sulfonic acids, phosphoric acid and perchloric 
acid, optionally dissolved in tetrahydrofuran, per 7 to 30 moles of ethylene oxide units in the 

20 copolymer. 

3. A solid cured electroconductive coating according to claim 2 pepared by applying said liquid 
composition to a metal substrate and curing said composition by exposing it to ultraviolet radiation or to 
an electron beam. 

25 

4. A liquid, curable copolymer according to claim 1 wherein the values represented by m and n are from 
4 to 20 and the value represented by y is 0 to 100. 

Patentanspruche 

30 

1. Flussiges hartbares Copolymer mit der allgemeinen Formel R 1 3 SiO(R 2 2 SiO) x (R 3 R 4 SiO) y (R 3 R 5 SiO) 2 
SiR 1 3 , worin R\ R 2 und R 3 lineare Oder verzweigte Ci-Cio-Alkylgruppen, Ci-Cio-Halogenalkylgruppen 
Oder Phenylgruppen, C3-Cio-Cycloalkylgruppen und Tolylgruppen bedeuten, R 4 -R 6 0(CH 2 CH 2 0) m A 
bedeutet, R 5 R 7 0(CH 2 CH 2 0) n C(0)CR 8 =CH 2 bedeutet, R 6 und R 7 gleiche Oder verschiedene Alkylen- 

35 reste mit 2 bis 12 Kohlenstoffatomen bedeuten, R 8 einen Methylrest Oder Wasserstoff bedeutet, A 
einen Alkyl-, Aryl- oder Acylrest bedeutet, die Werte fur m und n 4 bis 30 sind, der Wert ftfr x 0 bis 100 
ist, der Wert fur y 0 bis 200 ist, der Wert fur z mindestens 2 ist, der Wert fur x + y + z mindestens 10 
bis 50 ist und das Verhaltnis des Molekulargewichts des Copolymers zu der durchschnittlichen Anzahl 
von Molen von R 5 -Einheiten pro Molekiil gleich oder grofler 1.000 ist. 

40 

2. Festes elektrisch-leitfahiges Organosiloxancopolymer, umfassend das Produkt, das erhalten wird, indem 
eine flussige Zusammensetzung durch UV-, Elektronenstrahlen oder Erwarmen von organischen 
Peroxiden oder einer Azoverbindung gehartet wird, wobei die flOssige Zusammensetzung umfafit 

A. ein Organosiloxancopolymer nach Anspruch 1 und 
45 B. eine Menge von 1 Mol Lithiumsalzen von organischen Sulfonsauren, Phosphorsaure oder 

Perchlorsaure, gegebenenfalls gelost in Tetrahydrofuran, pro 7 bis 30 Mol Ethylenoxideinheiten in 
dem Copolymer. 

3. Feste gehartete elektrisch-leitfahige Beschichtung nach Anspruch 2, hergestellt, indem die flussige 
50 Zusammensetzung auf ein Metallsubstrat aufgebracht wird und die Zusammensetzung gehartet wird, 

indem sie einer Ultraviolettstrahlung oder Elektronenstrahlung ausgesetzt wird. 

4. Flussiges hartbares Copolymer nach Anspruch 1 , worin die Werte fur m und n 4 bis 20 sind und der 
Wert fur y 0 bis 100 ist. 

55 
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Revendications 

1. Un copolymere liquide durcissable ayant la formule generate R^SiO (R 2 2SiO)x (R 3 R 4 SiO) y (R 3 R 5 SiO) 2 
SiR 1 3 ou R\ R 2 et R 3 represented des groupes alkyles en C1-C10 lineaires ou ramifies, des groupes 

5 halogenoalkyles en C1-C10 ou des groupes phenyles, des groupes cycloalkyles en C1-C10 et des 
groupes tolyles, R4 represente -R 6 0(CH 2 CH 2 0) m A, R 5 represente -R 7 0(CH 2 CH 2 0) n C (0) CR 8 =CH 2 , 
R 6 et R 7 represented des radicaux alkylenes identiques ou differents contenant de 2 S 12 atomes de 
carbone, R 8 represente un radical methyle ou de I'hydrogene, A represente un radical alkyle, aryle ou 
acyle, les valeurs representees par m et n sont de 4 a 30, la valeur representee par x est de 0 a 100, 

70 la valeur representee par y est de 0 a 200, la valeur representee par 2 est au moins 2, la valeur de x + 
y + 2 est au moins de 10 a 50 et le rapport du poids mol£culaire du copolymere et du nombre moyen 
de moles d'unites R 5 par molecule est egal ou superieur a 1000. 

2. Un copolymere d'organosiloxanes electroconducteur solide comprenant le produit obtenu par durcisse- 
75 ment d*une composition liquide par des UV, un faisceau d'electrons ou chauffage de peroxydes 

organiques ou d*un compose a2oVque comprenant 

A. un copolymere d'organosiloxanes selon la revendication 1 et 

B. une quantite d'une mole de sels de lithium d'acides organo-sulfoniques, d'acide phosphorique et 
d'acide perchlorique, facultativement dissous dans du tetrahydrofurane, pour 7 Si 30 moles d'unites 

20 d'oxyde d'ethylene dans le copolymere. 

3. Un revetement electroconducteur durci solide selon la revendication 2 prepare en appliquant ladite 
composition liquide sur un substrat metallique et en durcissant ladite composition en I'exposant au 
rayonnement ultraviolet ou S un faisceau d'electrons. 



25 



4. Un copolymere liquide durcissable selon la revendication 1 dans lequel les valeurs representees par m 
et n sont de 4 a 20 et la valeur representee par y est de 0 & 100. 
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